Clean Development Mechanism (CDM) projects have additional technical, financial and regulatory requirements that are not fully addressed by classic project management approaches. Research has been done on individual novel concepts of the CDM, like additionality, but little has been achieved to address an overall CDM project management approach. CDM and project management literature were reviewed and the South African CDM Industry Association was used as a case study to gain insight into an appropriate CDM specific project management strategy. A stage-gate model was subsequently derived to align classic project management approaches with the additional requirements of CDM projects. Further research will, in time, determine the completeness and practicability of the proposed model.
Introduction
Various pollution reduction incentives exist. One such incentive is the Clean Development Mechanism (CDM) of the United Nations (UN) Kyoto Protocol. In 1997 the Kyoto Protocol was adopted at the Third Session of the Conference of the Parties (COP) to the UN Framework Convention on Climate Change (UNFCCC, 2009) . Thereby so called Annex-I-country, or industrialised country, signatories accepted legally binding commitments to reduce Green House Gas (GHG) emissions. The signatory countries agreed to reduce their anthropogenic emissions of GHGs by at least 5 percent below 1990 levels in the commitment period 2008 to 2012. The GHG emissions targeted are CO 2 , CH 4 , N 2 O, HFCs, PFCs, and SF 6 (UNFCCC, 2009; Zegras, 2007) . During the UN conference on climate change in Bali in December 2007, progress was made regarding a post 2012 regulatory framework for climate change. Even the United States, a defiant non-signatory to the Kyoto Protocol, signed the Bali accord (CNN, 2007) .
The CDM offers an incentive for GHG emissions reduction for industrialised countries, or their companies, where these countries could earn emissions credits. The incentives of the CDM for developing countries are acquiring new technology and acquiring foreign capital and accelerated growth. The transfer of moneys is achieved by normal trading. The CDM consequently has two main objectives:
• To mitigate GHG emissions by offering a tradable commodity for proven emission reductions. The tradable commodity is known as Certified Emission Reduction (CER) units.
• To contribute to sustainable development (SD) in developing countries.
A CER is simply the prevention of 1 tonne of CO 2 gas emitted. CO 2 is not the most potent of GHGs, but is the most common one. Because of the abundance of CO 2 the potential green house effect of all GHGs is commonly referenced to that of CO 2 . As an example, the CDM currently considers the GHG potential of CH4 as 21. The greenhouse gas warming potential ranges according to the time scale considered, e.g. according to the IPCC (2006) a GHG potential of 23 is associated with methane. This implies that, for the purposes of the CDM, 1 tonne of CH 4 is equivalent to 21 tonnes of CO 2 (UNFCCC, 2009). Hasselknippe (2003) describes the mechanisms of emissions trading. In essence CERs are traded on the open market at a price driven by supply and demand pertaining to specific projects. The trends in the carbon market are reported by the World Bank (Capoor, 2007) , and Michaelowa (2003) provides more information regarding CDM transaction costs. The CDM is governed by the Executive Board (EB) of the UNFCCC (2009), whilst the trading of the CERs is facilitated by the World Bank Carbon Finance Unit (WBCFU, 2009) .
Previous researchers have noted some of the complexities associated with CDM projects (Minang, McCall & Bressers, 2006; Zegras, 2007) . These include, but are not limited to:
• The CDM EB has an additional regulatory framework that has to be satisfied above the normal regional, national and international laws, to which conventional projects have to conform.
• A GHG limiting project can have various CDM projects embedded. This increases the complexity of such projects because all the GHG emissions must be accounted for, but only accounted for once. In other words, it is possible that some emissions are overlooked and not accounted for and some emissions double counted.
• The potential revenue from CERs introduces an added level of complexity to a project's financial model. The reason is simply that GHGs, previously treated as waste, can now have significant financial value.
• The CDM project structure is not historically well known. This is due to the fact that the CDM was developed only after the Kyoto Protocol came into effect. The project management of this relatively new field implies that non-optimised ad hoc project management approaches are common amongst CDM project developers.
This paper focuses on the latter project management aspect of the CDM. The Project Management Body of Knowledge (PMBOK, 2004) defines project management as "the application of knowledge, skills, tools and techniques to project activities to meet project requirements". The objectives of this paper are subsequently to:
• Establish the current formalised state of CDM project management approaches;
• Establish the perceived need for a formalised CDM project management approach; and
• Derive an appropriate generic model to address the specific needs of CDM project management.
CdM opportunities for South Africa and Africa
It is generally accepted that Africa will not be a major earner of CERs on a global scale (Cosbey, Parry, Browne, Babu, Bhandari, Drexhage & Murphy, 2005) . The estimates of the global CER market share that Africa will have, range between 4 percent and 14 percent (Haites, 2004) , with 5 percent being a common figure used (Ellis, Winkler, Corfee-Morlot & Gagnon-Lebrun, 2007) . However, Africa still holds a significant potential for carbon dioxide sequestration through, for example, increased agricultural activities (Ringius, 2002) . Silayan (2005) identifies institutional capacity, including the presence of a Designated National Authority (DNA), as one of the major contributing factors for the successful registration of CDM projects. In general most developing countries with high absolute emissions have built institutional capacity in the form of a DNA; these include China, India, Brazil, South Korea, Indonesia, Mexico and, notably, South Africa as the only country from Africa (Ellis et al., 2007) .
Jung (2006) assessed one hundred and fourteen host countries on their CDM attractiveness. The criteria used for Jung's classification were mitigation potential, institutional CDM capacity, and general investment climate. The countries with the highest potential for CDM projects, excluding forestry-related projects, are China, India, Brazil, Argentina, Mexico, Indonesia, Thailand, and South Africa as the only African country with a high rating.
It would then seem that South Africa is perfectly suited to benefit from CDM project activities, although the benefit of CDM for Africa as a whole is limited. Heller and Shukla (2003) , however, point out that other countries in the region could potentially emulate South Africa regarding CDM success, and in this way the continent can benefit more from the CDM. The South African CDM Industry Association (SA CDMIA), which consists of consulting firms that actively develop CDM projects as well as other stakeholders, was then engaged as a case study. A questionnaire that was compiled from the reviewed literature formed the basis of the engagement. The purpose of the case study was to establish to what extent project management is formalised in the industry and to identify shortcomings with the project management approaches. The case study, and literature, provided the necessary information to introduce a new model that facilitates the interaction of standard project management approaches with the special needs of CDM project management.
Literature review

The steps required for the successful completion of a CdM project
The CDM is a project-based approach. Each CDM project is unique, but will have the same generic components and types of parties or stakeholders involved. The party that is interested in registering a CDM project is referred to as the Project Proponent (PP). The PP can also be a group of parties depending on the commercial arrangement of the company/entity with the potential for emissions reductions, the parties/entities with the know-how to develop CDM projects, and potential investors in such projects. Further details of the potential commercial arrangements can be obtained from CDM project developers like Promethium Carbon (2009) .
All CDM projects need host country approval before the CDM Executive Board (EB) will start to evaluate the merit of a project. The CDM term used for the governmental entity in the host country that must provide host country approval is the Designated National Authority (DNA). In South Africa the DNA is hosted by the Department of Minerals and Energy (DME, 2008 ).
An impartial third party is required to validate, to verify and to certify all CDM projects. This impartial third party is known as the Designated Operational Entity (DOE) and has to be accredited by CDM EB for the services it will provide to Project Proponents. Normally these DOEs are auditing firms like PricewaterhouseCoopers (PWC) or TUV (UNFCCC, 2009).
As stated earlier the CDM is governed by the CDM EB. Only the EB can register a CDM project and issue associated CERs. Figure 1 illustrates the components of a CDM project, the flow of the project, and the involvement of the various parties discussed.
Issuance of CERs [EB]
Figure 1 Flow diagram of CDM process and party involvement (adapted from UNDP, 2006)
First, a Project Identification Note (PIN) is drawn up which briefly states the goals and processes to be used in a potential CDM project. In South Africa the PP can at this early stage apply for provisional host country approval from the DNA.
As a next step a Process Design Document (PDD) is required to be submitted by every CDM project. This PDD is a comprehensive document that indicates how an approved CDM methodology will be used to mitigate GHGs in the proposed project activity. If no methodology exists that can be applied to the proposed project activity then a new methodology has to be drafted and approved by the CDM EB as part of the proposed project activity.
The DNA must provide final host country approval when the PDD with the approved methodology has been completed. It is at this stage that a DOE is required to evaluate the proposed project, and if the DOE is satisfied with the methodology and PDD, then it can be submitted to the CDM EB for registration. The final decision for project registration rests solely at the CDM EB.
In order to earn CERs after project registration the PP needs to apply the monitoring plan, as described in the PDD and CDM methodology, to prove that GHG emission reduction was achieved. The verification and certification of this GHG mitigation is then the task of the DOE. Only after the verification and certification by the DOE will the CDM EB issue CERs to the PP.
Standard project management approaches
Obtaining information on the classical project management approach followed today is an easy matter. Various project management models and standards have been developed since the middle of the 20th century. These models and standards include, amongst others, PRINCE2 (OGC, 2005) and PMBOK (2004) .
There are large similarities amongst classical project management models and/or standards irrespective of which model and/or standard is used. The generalised project management sequence is depicted in Figure 2 
DEFINE PLAN ORGANISE EXECUTE CLOSE
As is indicated in Figure 2 , it is commonly accepted that a project can be broken down into stages or phases. Each of these phases then has specific goals that must be achieved and addressed in subsequent decision gates. Collectively the identified phases, and associated decision gates, are known as the project lifecycle (PMBOK, 2004) . Researchers and project management practitioners greatly differ on the project phases identified regarding the number and terminologies of stages (Brent & Petrick, 2007) . The PMBOK (2004) states that the identified phases generally define the following: technical work to be accomplished during each phase; when
Figure 2
Generalized project management sequence (Openlearn, 2009) deliverables are to be generated during each phase; how each deliverable is reviewed, verified and validated; what parties are involved during each phase; and how to control and evaluate each phase (in a decision-making gate).
Aligning specific CdM project management requirements with standard project management approaches
Novel aspects of emissions reduction projects have been researched. These aspects include the influence of CDM transaction costs (Michaelowa, Stronzik, Eckermann & Hunt, 2003) and the contentious issue of CDM additionality (Shrestha & Timilsina, 1999; Gustavsson, Karjalainen, Marland, Savolainen, Schlamadinger & Apps, 2000) . The research into these individual aspects has highlighted the need for an overall strategy regarding the management of CDM projects. The intricacy of stakeholder engagement is a further important aspect. Brown and Corbera (2003) have used a stakeholder multi-criteria scheme to explore the range of stakeholders, their roles, and their interests and perspectives, based on carbon sequestration by means of a forestry project in Mexico. However, an integrated strategy to manage all the stakeholders was not developed. Haites and Yamin (1999) have argued that the number of registered CDM projects and the ease of implementation will benefit from a flexible pragmatic approach. They state that: "there is no right way of doing business under the CDM". This statement indicates a lack of structure in managing CDM projects and shows the ad hoc interventions that characterised early CDM project management approaches. Furthermore, ZhongXiang (2005) states that developing countries typically lack a "clear institutional structure" and an "implementation strategy" system for application, approval, and implementation of CDM projects. ZhongXiang (2005) concludes that through capacity building aspects like established streamlined and transparent CDM procedures, including sound governance, must be developed through an integrated framework.
The only attempt at a comprehensive framework to CDM project management was developed by the European Bank for Reconstruction and Development (Ecofys, 2004) . Their project management framework addresses the additional requirements posed by CDM project management as illustrated in Table 2 .
In the "Feasibility Assessment" phase the applicability of the CDM to the proposed project must be investigated. Issues like the economic viability of the project without CDM registration must be answered. The number of potential CERs and the influence of these credits on the projected project revenue must be quantified.
During the "Project Structuring Phase" additional documentation, like the project design document (PDD), must be completed. During this phase the contribution of the proposed CDM project to the sustainable development of the host country must also be addressed. The complexity of these additional project management requirements is increased due to the distributed decision process that includes the Project Proponent, Designated National Authority, Designated Operational Entity, and the CDM Executive Board. In other words, the shortcoming of the Ecofys (2004) framework is the lack of efficiency of classical project management approaches to address the specific needs of the various stakeholders in Figure 1 .
Benefits of aligning CdM project management with standard project lifecycle phases
Aligning the CDM project process and lifecycle phases is a field of study not widely exploited yet. The following benefits are envisaged for aligning and integrating the CDM project process and project lifecycle phases:
• The ad hoc project management commonly found in CDM projects can be structured;
• The need to force CDM project management into standard project management models designed for other types of projects will be alleviated; and
• The clear-sightedness of CDM projects will become more apparent to parties who are not CDM experts.
Case study -the SA CdMIA
Little, Maxwell and Sutherland (2007) have described the South African CDM landscape to some extent. Little et al. (2007) interviewed thirty "experts involved in the South African CDM process" and focused not on the management of the CDM process, but rather the identification of factors that inhibit and accelerate the CDM process in South Africa. As an extension of the study of Little et al. (2007) the South African CDM Industry Association (SA CDMIA), which was being formed during 2007, was engaged as a case study. A questionnaire consisting of twelve high level questions, and some subquestions, was used as basis for the engagement. One hundred potential affiliates of the then informal SA CDMIA were targeted. Only eight responded positively to the engagement.
The limited response is mainly attributable to the lack of formal structure of the SA CDMIA at the stage of the investigation; there was no single point of entry to engage the SA CDMIA in its entirety, although this is now changing. Those affiliates that did not respond positively also highlighted a concern about the potential use of sensitive information; by answering some of the questions posed in the questionnaire would easily have identified the specific role-player in the small SA CDMIA community. This has been considered as to the information that is supplied about the case.
Although the low number of responses means that the SA CDMIA case study does not statistically represent the South African project management landscape, some insight can be gained regarding the maturity of the SA CDMIA, and specifically how CDM projects are viewed and approached.
In evaluating the answered questionnaires it was found that the positive respondents had been involved in at least three CDM projects already registered. At the time of the investigation South Africa had ten registered CDM projects in total as verified by the DNA (DME, 2009). The respondents further indicated that more than four CDM projects per respondent were in different stages of development, i.e. a total of at least thirty-two new projects; the total number of CDM projects under development in South Africa at the time of the investigation could not be determined.
The questionnaire required the respondents to indicate their relative fields of expertise pertaining to the technical, financial and regulatory aspects of CDM project management. Six of the eight respondents considered themselves partial towards the technical and financial aspects of CDM projects as opposed to the regulatory aspects. Since provincial/regional, national, international and CDM-specific regulatory approval could all be necessitated, depending on the specific project, the lack of regulatory associated expertise in the SA CDMIA is noteworthy. To this end the questionnaire also aimed at establishing where CDM project developers and related parties perceived bottlenecks in the successful completion of a CDM project. The perceived bottlenecks were also divided into financial, technical and regulatory aspects, and a distinction was made between domestic (South African) and foreign perceived bottlenecks. The South African regulatory environment was seen as the single largest bottleneck. This is true even of the efforts of the South African DNA to facilitate the development of CDM projects. Little et al. (2007) also identified the regulatory aspects, i.e. foreign, local and CDMspecific, as major inhibitors. The bottleneck perceived as second largest was foreign technical requirements due to South Africa's dependence on foreign technological imports. Neither local nor foreign financial requirements were viewed as priority bottlenecks. This outcome differs from the outcomes of Little et al. (2007) ; they document "Africa (is) not an investment destination" as the 4 th highest of a total of fiftysix identified inhibitors/facilitating factors. Even without a local versus foreign breakdown it was clear that financial concerns were considered to be the least important in the South African CDM environment. Given the expertise of the respondents does bring into question whether the perceived importance of regulatory bottlenecks is real or whether a lack of regulatory expertise on the part of the respondents induces a higher perceived risk of the regulatory aspect of CDM projects.
In terms of project management approaches, the following two issues were highlighted in the SA CDMIA:
• Only three of the eight respondents indicated that they follow a formalised CDM project management approach although seven of the eight respondents indicated a perceived need for such an approach. With a lack of formalised CDM project management it was deduced that most project management is done on an ad hoc basis.
• Of the eight respondents, five indicated that they had a dedicated person/group acting as project manager for CDM projects. All five positive respondents concluded that the person/group acting as project manager succeeded in facilitating the development of the CDM projects.
From the comments received from the respondents regarding what specific project management models were used, two distinct approaches became clear (see Table 3 ):
• In the one approach CDM projects were forced to conform to a project management strategy or model that would be used by the respondents in other types of projects. In doing so the need for project management conformity overruled practical project management considerations.
• On the other hand some respondents stated that the uniqueness of every CDM project implied that ad hoc project management was the only realistic strategy.
These issues and comments were useful to derive a proposed CDM project management model. Force existing project management approaches on CDM projects
Deal with CDM projects in a purely ad hoc fashion
Comments received and reason for approach: Comments received and reason for approach:
Some companies used an "internal project management system" or "internal developed standard"
These project management systems were based on company "political decisions"
It was stated that "all projects need to conform to this" internal "standard"
Projects are very diverse, with different approach needed for each one
Various role players have their own systems that don't always integrate
Inadequate training/experience in project management
Proposed CdM project management model and application
The indicative findings and insights gained from the literature review and the case study were merged to derive an appropriate CDM-specific project management model, which is structured around the conventional stage-gate approach.
The purpose of this model is to alleviate the perceived and real bottlenecks of CDM projects.
A stage-gate model consists of project stages or phase followed by gates. Each phase is treated as a discreet separate entity (Perez & Enkel, 2007) as if each phase was a separate project. The gates act as go/no-go points after evaluation of the objectives of a phase (Tingström, Swanström & Karlsson, 2006) . Gates are also used for project portfolio ranking purposes. The reasoning is that scarce resource will be better allocated to more promising projects (Cooper, 1999) . Figure  3 is a graphical representation of the proposed stage-gate model. In total thirteen phases were identified interlinked with ten gates. After the evaluation of gate ten the project returns to phase nine for the monitoring of data for another year as determined by the Process Design Document (PDD) and specific CDM methodology. This loop is then executed for the duration of CDM project registration with the Executive Board (EB).
The phases, which have to be completed by parties other than the Project Proponent (PP) were lumped together and indicated as "External phases." These phases are completed by entities like the Designated Operational Entity (DOE), Designated National Authority (DNA), and others.
Only the summarised stage-gate flowchart is shown in Figure 3 for brevity. Each phase consists of certain objectives that have to be achieved during each phase. The evaluation of how successful each phase was, is done during the gate analysis that follows on the specific phase/s. The gate consists of Go/Kill criteria and Ranking criteria. Table 4 provides an example of the criteria for phase two. Go/Kill criteria imply that certain objectives must be completed before the next stage can start. If the Go/Kill criteria can not be achieved then the project is stopped. Stages during which all Go/Kill criteria were successfully completed now enter the Ranking part of the gate. Specific ranking criteria were established for each gate. A score is given to each ranking criterion to determine more favourable projects. Weights can also be applied to the ranking criteria that can be determined internally by model users so as to fit specific company needs, policy and resources.
Figure 3
Developed stage-gate model for CDM project management An example of the feasibility assessment of phase 2 and associated Go/Kill and Ranking criteria for gate 2 are provided in Table 4 Phase 1: Project identification and planning Comment 1 In the development of this model it is proposed to get initial host country approval for a project at the earliest possible stage. This will help in managing project risk from the start although host country approval is according to CDM guidelines not strictly necessary at such an early stage.
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The amount of carbon credit revenue earned is a direct function of the amount of CERs obtainable. All else being equal, projects producing more CERs should take preference.
Potential inefficiencies of the derived stage-gate model
A Kill/Go criterion is binary. To terminate a CDM project according to this measure could be seen as extremely harsh. This is especially true the further a project progresses as a loss of time and money will certainly be incurred if projects are terminated. It is then important to stress that all possible actions must be taken to satisfy the Kill/Go criteria. It is only when no acceptable solution can be found that a project should be terminated. This approach ensures that lingering unsuccessful projects are taken off the project portfolio so as to maximise available project development resources.
According to the derived model many parties, i.e. all project proponents, DNA, DOE, CDM EB, financial institutions, etc., can execute the Kill/Go criteria. This decentralised control structure induces risk as the number of parties increases. However, the decentralised control of a CDM project exists whether the project management structure points it out or not. What the stage-gate then actually achieves is the coordination of the stakeholders and other parties involved during the development of a CDM project, which is seen as an advantage. Getting all the stakeholders and parties involved to agree can be tedious. It is therefore imperative for the stage-gate model to identify only the relevant stakeholders and parties involved in each stage or phase. By doing so, the number of parties and stakeholders per stage, and thus the level of decentralised control, can be minimised.
Bessant, Lamming, Noke and Phillips (2005) argue that stage-gate models do not manage "breakthrough innovations" effectively. This is not seen as detracting from the appeal to use a stage-gate model since CDM projects are arguably not 'breakthrough innovations'. CDM projects have to follow a strict predetermined regulatory path, which suits the stage-gate model approach.
The uniqueness of each CDM project can lead to incompatibilities with project management models. For this reason a more generic approach to stages and gates was proposed in the derived stage-gate model. It is foreseen that CDM projects will greatly differ in the amount of time and money required per stage.
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Conclusions and recommendations
A literature review was undertaken to investigate the CDM project management landscape. This literature review indicated that various CDM specific concepts, for example additionality, have been researched at length. In contrast very little could be found regarding the overall alignment of special CDM project requirements to classical project management practices.
The South African CDM Industry Association (SA CDMIA) was engaged as a case study to gain further insights in terms of the views and approaches to CDM project management in South Africa. A questionnaire formed the basis of the engagement and eight affiliates of the SA CDMIA participated.
From the literature review and the additional information obtained from the case study a stagegate model was derived to specifically address the complexities and additional requirements of the CDM process, and align these requirements, and applicable stakeholders, with conventional project management practices. The derived stage-gate model is unique in that it stipulates criteria for the termination of projects and a separate set of criteria, which is used to rank the attractiveness of a portfolio of projects.
It is recommended that further research be undertaken to demonstrate the usefulness and applicability of the derived stage-gate model regarding:
• The benefits of the alignment of classical project management approaches with the additional requirements of CDM project;
• The completeness of the model; and
• The management of stakeholders and other parties that can exercise Kill/Go gate criteria.
These aspects are currently being investigated by practically applying the model in the South African CDM industry over time.
